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An odd-occupied quantum dot in a Josephson junction can flip transmission phase, creating a
pi-junction. When the junction couples topological superconductors, no phase flip is expected. We
investigate this and related effects in a full-shell hybrid interferometer, using gate voltage to control
dot-junction parity and axial magnetic flux to control the transition from trivial to topological super-
conductivity. Enhanced zero-bias conductance and critical current for odd parity in the topological
phase reflects hybridization of the confined spin with zero-energy modes in the leads.
The development of topologically protected qubits
[1, 2] for quantum computing [3, 4] benefits from fun-
damental investigations that examine signatures of topo-
logical superconductivity in various device geometries.
These serve both to test theoretical models and solidify
the interpretation of experiments [5, 6]. A fruitful system
for exploring topological states is based on semiconductor
nanowires with strong spin-orbit coupling in contact with
a metallic superconductor [7–9]. Recently, semiconduc-
tor nanowires with a fully surrounding superconducting
shell were found to offer a convenient means of tuning
into the topological phase using applied axial magnetic
flux [10]. In this system, the destructive Little-Parks
effect [11], with associated winding of superconducting
phase around the shell, induces a topological phase in
the semiconductor core.
Here, we investigate Josephson junctions realized in
full-shell InAs/Al nanowires, focussing on parity effects
of a gate-controlled quantum dot in the junction. We
investigate even and odd occupancies of the dot for the
zeroth and first lobes of the reentrant Little-Parks struc-
ture in the leads. The hybrid nanowire containing the
dot-junction is embedded in a superconducting interfer-
ometer, allowing phase across the dot-junction to be mea-
sured relative to a reference arm containing a second
gate-controlled junction. Depleting the reference junc-
tion in situ with a gate voltage allowed the dot-junction
to be measured in isolation, revealing related parity-
dependent features in conductance.
Differential conductance of the isolated dot-junction
as a function of applied voltage bias showed a strong
zero-bias peak throughout the first lobe only for an odd-
occupied dot-junction, reminiscent of Kondo-enhanced
zero-bias conductance peaks [12–14] seen for odd-
occupied dots with superconducting leads [12–27]. When
the dot-junction had even occupancy, the zeroth and
first superconducting lobes showed comparable conduc-
tance at all biases. Opening the reference junction, we
observed a 0-pi transition as a function of dot occu-
pancy in the zero lobe, consistent with previous stud-
ies [22, 28–30], while in the first lobe, the 0-pi transition
was absent, consistent with recent predictions that hy-
bridization of the dot spin with zero-energy states in the
topological-superconducting leads favors a conventional
current-phase relation, that is, a 0-junction [31–35]. We
note that hybridization of odd-occupied dot spin with
discrete zero-energy states in the leads is distinct from
Kondo hybridization [36], the latter also favoring a 0-
junction, as discussed below [13, 22, 25, 27, 37, 38].
Supercurrent through a conventional Josephson junc-
tion is given by I = Ic sin (ϕ), where Ic is the critical
current and ϕ is the phase difference of the superconduct-
ing order parameter across the junction. In few-channel
junctions, including the semiconductor junctions inves-
tigated here, higher harmonics of I(ϕ) are also present,
but the basic periodicity, I(ϕ) = I(ϕ + 2pi), and sym-
metry, I(ϕ) = −I(−ϕ), remain [39]. Symmetry upon
reversing phase can be lifted for particular arrangements
of magnetic and spin-orbit fields [40, 41] not considered
here, and the 2pi periodicity broken by Majorana cou-
pling [42, 43], which is not observed here.
As discussed in recent proposals [31–35], the transmis-
sion phase through a quantum dot embedded in a Joseph-
son junction—a well-studied system, see experimental
[44] and theoretical [25, 45] reviews—provides a means
of investigating topological superconductivity. Coulomb
energy of the dot-junction suppresses Cooper-pair tun-
neling, relying on spin-dependent cotunneling processes,
which in turn depend on dot occupancy [27, 28, 30, 46–
49]. In its simplest form, for even dot parity (e-
state), the phase across the junction matches the con-
ventional current-phase relation, while for odd parity
(o-state), supercurrent typically involves a sign reversal,
I = Ic sin (ϕ + pi) = −Ic sin (ϕ), resulting in a supercur-
rent reversal, or pi-junction.
InAs nanowires with ∼ 130 nm diameter were grown
by molecular beam epitaxy using the vapor-liquid-solid
method, followed by in-situ growth of a ∼ 30 nm epitax-
ial Al shell fully surrounding the semiconductor core [50].
After placing the nanowires on a Si/SiO2 substrate, poly-
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FIG. 1. (a) Schematic of a dot-junction made from an InAs
nanowire (green) containing a quantum dot (QD) with cou-
pling and occupancy controlled by voltage Vdot. A voltage
bias, Vb, with a small AC component was applied across
the single dot-junction and the current, I, measured. Thin
Al leads (purple) remain superconducting with applied ax-
ial magnetic field, B‖. The lobe structure in the destructive
Little-Parks regime accesses trivial (S) or topological (T) su-
perconductivity in the leads [10]. (b) The dot-junction was
embedded in an interferometer with a reference junction con-
trolled by gate voltage, VRef . Current bias, Ib, with small
AC component was applied and voltage, V , measured. Per-
pendicular magnetic field, B⊥, controlled phase around the
interferometer. (c) False-color micrograph of a measured de-
vice, showing a loop of thin Al deposited on ramps to contact
the full-shell wire. Uncolored gates were set to +2 V.
mer ramps were patterned to connect a loop and leads
made of 25 nm of deposited Al, as shown in Fig. 1(c). The
thin Al ensured that superconductivity was maintained
in moderate fields along the nanowire axis. An insulat-
ing layer of HfO2 (7 nm) was then deposited, followed by
patterned Ti/Au top-gates used to control electron den-
sity in regions where the Al was removed by wet etching.
An electron micrograph of one of the devices is shown in
Fig. 1(c), with false-colored active regions and uncolored
gates set to +2 V. All wire segments exceed 1 µm, several
times the Majorana localization length, ξ ∼ 180 nm [10].
Measurements were carried out in a dilution refrigera-
tor with a base electron temperature of ∼ 50 mK using
conventional lock-in techniques in both voltage-bias and
current-bias configurations. A vector magnet provided
independent control of magnetic field along the wire axis,
B‖, and a small transverse field, B⊥, used to apply flux
to the interferometer loop. A total of ten devices were
cooled. Three devices were reasonably stable and showed
qualitatively similar behavior. One of those is presented
in the main text and the other two in the Supplemen-
tary Material (SM) Figs. S1-S5. Among the others, three
were nonconducting or did not show a supercurrent, two
showed excessive noise and did not have a controllable
dot in the junction, one did not show a pi-junction in the
zeroth lobe, and one appeared non-topological, without
zero-bias feature in the first lobe and a pi-junction in both
lobes.
With the reference arm closed by setting VRef = −2 V,
the dot-junction was measured in a voltage-bias configu-
ration, applying ac+dc voltage Vb (2µV ac excitation),
and separately measuring ac and dc current, as shown
in Fig. 1(a). At negative Vdot, approaching depletion,
sharp resonances in tunneling conductance, dI/dVb, were
observed, indicating that a Coulomb blockaded quantum
dot has formed in the junction. Note that Vdot controlled
both the dot-junction occupancy and, on larger voltage
scales, the coupling to the leads. Tunneling spectra at
B‖ = 0, across a range of Vdot spanning two e-states and
one o-state are shown in Fig. 2(a). A narrow supercur-
rent feature at zero bias can be seen throughout the sweep
with two enhancements at the charge transition points,
corresponding to Coulomb blockade resonances. We note
regions of negative differential conductance in the zeroth
lobe [green stripes in Fig. 2(a)] at low bias near the charge
transitions, and at higher bias in the e-states. These fea-
tures presumably reflect the opening of weakly coupled
transport channels of the dot that blockade transport
once populated [51]. Their prevalence in the e-state indi-
cates spin-dependent excited states for even occupancy.
Applying B‖ reveals the lobe structure of destruc-
tive superconductivity, with suppressed superconductiv-
ity around B‖ = 50 − 60 mT and a first lobe centered
around B‖ = 120 mT, corresponding to one quantum
of applied flux and one twist of superconducting phase
round the shell circumference. Figures 2(a,b) reveal a
striking difference in bias spectra of the lobes. In partic-
ular, the first lobe [Fig. 2(b)] showed strongly enhanced
zero-bias conductance in the o-state but not in the e-
state, while spectra in the zeroth lobe showed similar con-
ductance for both occupancies [Fig. 2(a)]. Bias spectra
as a function of B‖ in Figs. 2(c,d) show a complementary
view: In the zeroth lobe, o-state and e-state spectra are
comparable, while throughout the first lobe the zero-bias
conductance is strongly enhanced only for the o-state,
with enhancement roughly tracking the size of the topo-
logical gap. Cuts in Figs. 2(e,f) show a large zero-bias
conductance peak in the first lobe for the o-state, with
12µV half-width at half maximum. Cuts along zero bias
as a function of B‖ are shown in SM Fig. S6. We note
that the zero-bias peak in the o-state in the first lobe does
3(a)
(b)
(c)
(d)
(e)
(f)
FIG. 2. Bias spectroscopy of the isolated dot-junction, with reference arm closed. (a) Differential conductance, dI/dVb, as
a function of dot-junction gate voltage, Vdot, and DC bias, Vb, across the junction, in the zero lobe (B‖ = 0). Sweeping Vdot
changes dot occupancy from even (e-state) to odd (o-state) to even. A uniform conductance (supercurrent) peak at Vb = 0
is visible throughout the range of Vdot. Negative differential conductance features (green) are visible in the e-state. Red
(blue) marks indicate location of e(o)-state cuts in (c(d)). (b) Same as (a) except in the first lobe (B‖ = 120 mT). A strong
enhancement of the zero-bias conductance peak occurs in the odd occupied state. (c) Lobe structure in bias spectroscopy as a
function B‖ for e-state. Green, gray, and black marks indicate cuts in (e). (d) Same as (c) for o-state, with green, gray, and
black marks indicating cuts in (f). Enhanced zero-bias conductance persists through the first lobe, and does not split with
increasing magnetic field. We interpret the isolated zero-bias peak at B‖ ∼ 46 mT as a Kondo enhancement (see text). (e)
Cuts from (c) in the e-state showing small supercurrent peaks and several subgap resonances in both the zeroth (green) and
first (black) lobes, with a broad zero-bias dip in the destructive regime (gray). (f) Cuts from (d) in the o-state, showing a large
zero-bias conductance peak in the first lobe and a broad zero-bias peak in the destructive regime (gray).
not appear to split with increasingB‖. For a conventional
Kondo peak in conductance, for instance arising from a
soft gap in the first lobe [14], the peak would be split
by 2gµBB‖ > 50µeV in the first lobe, which would be
visible.
We note in Fig. 2(d) a small, bright zero-bias peak at
the closing of the zeroth lobe, B‖ ∼ 46 mT. This small
feature does not persist further into the zeroth lobe or
into the destructive regime, where instead a broad zero-
bias peak can be seen [gray cut in Fig. 2(f)], while in the
e-state, the destructive regime had a zero-bias dip [gray
cut in Fig. 2(e)]. The bright peak at B‖ ∼ 46 mT is more
easily seen in the cut in SM Fig. S6. We interpret the
narrow peak at B‖ ∼ 46 mT as Kondo-enhanced con-
ductance in the superconducting regime [12–14]. From
the ratio of superconducting to normal conductance,
GS/GN ∼ 2, [from Figs. 2(d) and S6] we infer a rough
ratio of Kondo temperature to gap, TK/∆ ∼ 2 [12, 13].
Within this interpretation, the width of the peak and its
appearance only at the closing of the zero lobe suggests
a low TK , of order 10µeV. The zero-bias peak in the o-
state destructive regime presumably reflects normal-state
Kondo enhancement.
Opening the reference arm by setting VRef = 0 V
connected the interferometer loop, yielding a switching
current of 2 nA in the reference junction, compared to
∼ 1 nA in the dot-junction. In the configuration of
Fig. 1(b), whenever the current bias Ib exceeded the total
switching current of the interferometer a finite differential
resistance, dV/dIb, appeared across the interferometer.
Figure 3(a) shows dV/dIb for dc current bias Ib = 2 nA
(with ac excitation 0.2 nA) as a function of Vdot and B⊥
in the zeroth lobe, with B‖ = 0. To avoid hysteretic
effects, Ib was briefly set to zero then reset to 2 nA
for each data point (pixel) in the two-dimensional plot.
Figure 3(a) shows the periodic dependence of the zero-
resistance state with magnetic flux through the interfer-
ometer, consistent with ∆B⊥A = Φ0 = h/2e , where
A is the area of the interferometer [see micrograph in
Fig. 1(c)]. As Vdot was swept from the e-state to the o-
state, the phase of oscillation with B⊥ shifted by Φ0/2,
indicating that the dot-junction is a pi-junction in the
o-state relative to the e-state.
Figure 3(b) shows a similar plot of dV/dIb as a func-
tion of B⊥ and Vdot, now in the first lobe, taken at
B‖ = 120 mT, demonstrating the absence of a pi phase
shift for relative occupancies. The absence of pi-junction
behavior for topological dot-junctions is consistent with
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FIG. 3. Differential resistance, dV/dIb, of the interferometer
as a function gate voltage, Vdot, controlling dot occupancy,
and B⊥, controlling flux through the interferometer. Current
bias, Ib, was set to periodically exceed the total switching
current of the interferometer. (a) The zeroth lobe (B‖ = 0)
with Ib = 2 nA, showed a pi phase shift in the o-state relative
to the e-state, indicating a pi-junction. (b) Same as (a) except
in the first lobe (B‖ = 120 mT) with Ib = 1.7 nA, showing
no phase shift as a function of Vdot.
theoretical predictions [33–35]. Oscillations in dV/dIb
are less visible in the o-state in the first lobe [Fig. 3(b)]
compared to the zeroth lobe [Fig. 3(a)]. This is because
the switching current of the dot-junction was consider-
ably larger in the o-state in first lobe, so that the total
switching current of the interferometer barely exceeds the
fixed bias Ib = 2 nA. This is more clearly seen by measur-
ing dV/dIb as function of a swept Ib, as shown in Fig. 4.
Differential resistance dV/dIb of the interferometer along
cuts through the e-state and o-state of the dot-junction
showed oscillatory patterns of switching and retrapping
currents with applied flux, noting that Ib was stepped
from negative to positive. Retrapping occurs at nega-
tive values of Ib. Similar data for the other devices are
shown in SM Figs. S4 and S6. Phase plots at other fields
for device 1 are shown in SM Fig. S7.
We draw attention to several features in Fig. 4: (i)
There is a pi phase shift between panels (a) and (c), in-
dicating that in the zeroth lobe, the o-state forms a pi-
junction relative to the e-state. (ii) There is no pi phase
shift between panels (b) and (d), indicating that in the
first lobe there is no relative pi-junction upon changing
dot occupancy. (iii) The absolute phase of oscillations
as a function of B⊥ is the same in all four panels, with
(a) (b)
(c) (d)
(e) (f)
FIG. 4. Differential resistance, dV/dIb, of the interferometer
as a function of bias current, Ib, and perpendicular magnetic
field, B⊥, (a,c) in the zeroth lobe, along cuts through the e(o)-
state [red(blue) marks in Fig. 3(a)], showing relative pi phase
shift, and (b,d) in the first lobe, along cuts through the e(o)-
state [red(blue) marks in Fig. 3(b)], showing absence of phase
shift. Note in (a,c) that switching currents exceed retrapping
currents. (b,d) In the first lobe (B‖ = 120 mT), switching and
retrapping currents are comparable. (e) Relative phase shift
of pi between e-state (red) and o-state (blue) in the zeroth
lobe. (f) no phase shift between the e-state (red) and o-state
(blue) in the first lobe (B‖ = 0), where both phases align
with the e-state (red) in the zeroth lobe. Critical current in
the o-state (blue) exceeds the e-state (red) in the first lobe
(B‖ = 120 mT).
only the o-state in the zeroth lobe shifted by pi [panel
(c)]. We note that phase was not corrected for a given
B‖. (iv) Retrapping currents in the zeroth lobe [panels
(a,c)] are considerably smaller than switching currents,
a consequence of underdamping and junction heating in
the resistive state. Retrapping and switching currents
are roughly the same in the first lobe, presumably due
to subgap modes that both dampen junction dynamics
and cool the junction through the leads. While these fea-
tures warrant further study, we take this as possible indi-
rect evidence for increased junction damping and thermal
conductivity in the first lobe. (v) Finally, we observe that
switching and retrapping currents in the e-state and the
o-state are comparable in the zeroth lobe [panels (a,c,e)]
5whereas in the first lobe, switching currents are larger in
the o-state than in the e-state [see panels (b,d,f)], as an-
ticipated form the isolated dot-junction data in Fig. 2,
where the o-state showed enhanced conductance com-
pared to the e-state in the first lobe.
Finally, we revisit the small feature at B‖ ∼ 46 mT, in-
terpreted above as Kondo-enhanced conductance at the
closing of the zeroth lobe, now in the interferometer
configuration. We observed enhanced critical current,
Ic ∼ 1 nA, and 0-junction behavior at that location, con-
trasting the pi-junction behavior inside the zeroth lobe,
as shown in SM Fig. S8. The enhanced critical current is
consistent with an estimate for an overdamped junction,
GS/GN ∼ exp(~Ic/ekBT ) [13]. Taking GS/GN ∼ 2 and
temperature T ∼ 50 mK yields Ic ∼ 1 nA, close to the
measured value.
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SUPPLEMENTARY INFORMATION FOR
“PARITY EFFECTS AND 0-pi TRANSITIONS IN
TRIVIAL AND TOPOLOGICAL JOSEPHSON
JUNCTIONS”
OTHER DEVICES
Device description
We present measurements of two other devices, de-
noted devices 2 and 3. The device in the main text is
device 1. Micrographs of devices 2 and 3 are shown in
Fig. S1(a,b). The micrograph of device 2 was taken be-
fore final gate deposition so that the bare etched junc-
tions are visible. The active elements used in this ex-
periment were the same for all devices. In contrast to
device 1, however, devices 2 and 3 do not have addi-
tional junctions (uncolored gates in Fig. 1 of the main
text) that were open during measurements. All devices
were fabricated using the procedure described in the main
text, using nanowires from the same growth batch with
∼ 130 nm InAs diameter core and a 30 nm Al-shell.
The axial magnetic field, B‖ was used to control flux
winding in the Al-shell. Perpendicular magnetic field,
B⊥ was used for phase measurements. Vdot was used
to control the occupancy of a quantum dot formed close
to depletion in the dot-junction. We first describe the
results of voltage-bias measurements, and then current-
bias measurements in these devices.
Voltage-bias measurements
Voltage-bias spectroscopy for both devices 2 and 3 on
the dot-junction was performed by closing the reference
arm of the interferometer by setting VRef = −2 V.
(b)
(a)
Device #2
Device #3
FIG. S1. False-color scanning electron micrographs of other
measured devices. (a) Device 2 with two controllable junc-
tions VRef and Vdot. Micrograph was taken before gate deposi-
tion, allowing regions of etched Al shell to be seen. (b) Device
3 micrograph, taken after fabrication of the gates, controlled
by VRef and Vdot. For both devices axial B‖ and out-of-plane
B‖ magnetic fields are independently controlled.
Figure S2 shows voltage-bias measurements of the dif-
ferential conductance for device 2. First, in the zeroth
lobe (B‖ = 0), Fig. S2(a) shows differential conduc-
tance, dI/dVb, as a function of the DC bias, Vb, and
Vdot. Two enhancements of the zero-bias conductance
were observed at the charge transition points of a quan-
tum dot formed in the junction. Figure S2(b) shows con-
ductance in the same range of Vdot in the first lobe at
B‖ = 110 mT; a significant enhancement of the zero-bias
conductance peak was observed in the Coulomb valley,
we assigned this valley as the dot o-state based current-
bias measurements presented below. Figure S2(c) shows
conductance as a function of B‖ in the e-state, demon-
strating the closing of the superconducting gap by the
Little-Parks effect. In contrast to the e-state, the o-state
(Fig. S2(d)) showed a strong enhancement of the zero-
bias conductance in the first lobe, in a similar manner to
device 1 in the main text.
Figure S3 shows voltage-bias measurements for de-
vice 3. Charge transitions are observed at Vdot ∼
184 mV in both the zeroth (Fig. S3(a)) and the first
lobe (Fig. S3(b)). In device 3 the gate voltage sepa-
ration between the charge transitions was significantly
smaller; therefore, while the conductance is higher in the
first lobe it was not possible to unambiguously compare
the behaviors in the e-state and the o-state valleys.
Current-bias measurements
Current-bias spectroscopy measurements of the differ-
ential resistance, dV/dIb, for all devices was performed
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FIG. S2. Voltage-bias measurement of isolated dot-junction of device 2 with reference arm closed. (a) Differential conductance
dI/dVb as a function of voltage-bias, Vb, and Vdot at B‖ = 0. Even (e) and odd (o) dot occupancies are indicated with red and
blue markers. (b) The same voltage range of Vdot gate indicating the same quantum-dot with two charge occupancies (e, o) at
B‖ = 110mT. (c) Differential resistance measurement of axial magnetic field, B‖, evolution as a function of voltage-bias in the
even dot occupancy (d) Similar measurement as panel (c) for the o-state Coulomb valley.
(a) (b)
Device #3 Device #3
FIG. S3. Voltage-bias measurement of isolated dot-junction in Device 3 with reference arm closed. (a) Differential conductance
dI/dVb as a function of voltage-bias Vb and vdot, red and blue markers indicate even and odd dot occupancies, respectively.
(b) Similar as panel (a) in the first lobe at B‖ = 110mT.
with the reference arm in a multichannel transmitting
regime, controlled using VRef , so that B⊥ primarily
changes the phase across the dot-junction.
Figures S4(a,b) show current-bias measurements of the
differential resistance, dV/dIb, for device 2 in the zeroth
lobe as a function of Vdot and B⊥, at the Vdot positions in-
dicated for the e and o-states, respectively, in Fig. S2(a).
Similarly, Figs. S4(c,d) show dV/dIb in the first lobe at
the same gate voltages, in the e and o-states. We review
our conclusions based on these data below.
Figure S5(a) shows current-bias measurements of
dV/dIb for device 3 in the zeroth lobe as a function of
Vdot and B⊥, with a fixed DC current-bias of 5 nA, where
the DC current-bias was reset to zero before each pixel
was acquired. At the voltage where the charge transi-
tion crosses zero energy, we observed a pi shift of the su-
percurrent phase. This can be seen by comparing the
phase of switching current oscillations between the e-
state (Fig. S5(b)) and the o-state (Fig. S5(c)), at the Vdot
positions indicated in Fig. S3. In the first lobe, the pi shift
was absent as seen by comparing the e-state (Fig. S5(d))
and the o-state (Fig. S5(e)).
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FIG. S4. Differential resistance, dV/dIb, of device 2 as a function of bias current, Ib, and perpendicular magnetic field, B⊥,
(a,b) in the zeroth lobe, along cuts through the e(o)- state [red(blue) line in Fig. S2(a)], showing relative pi phase shift, and
(c,d) in the first lobe, along cuts through the e(o)-state [red(blue) dashed line in Fig. S2(b)], showing absence of phase shift.
Note that in the zeroth lobe ((a) and (b)) the magnitude of the oscillations in switching current are similar; however, in the
first lobe the magnitude of the oscillations in the o-state (d) is significantly larger than in the e-state (c).
(a) (b)
(c)
(d)
(e)
Device #3
Device #3
Device #3
Device #3Device #3
FIG. S5. Differential resistance, dV/dIb, of device 3 as a function of bias current, Ib, and perpendicular magnetic field, B⊥.
(a) dV/dIb as a function of Vdot and B⊥ at fixed DC bias Ib = 6.5 nA, the current is reset to zero before each pixel is acquired;
a pi phase shift in the zero-resistance state is observed crossing from the e-state to the o-state. (b,c) in the zeroth lobe, along
cuts through the e(o)- state [red(blue) line in Fig. S5(a)], showing relative pi phase shift, and (d,e) in the first lobe, along cuts
through the e(o)-state [red(blue) dashed line in Fig. Fig. S5(a)], showing absence of phase shift. In the zeroth lobe ((b) and (c))
the magnitude of the oscillations in switching current are similar; however, in the first lobe the magnitude of the oscillations in
the o-state (e) is significantly larger than in the e-state (d).
Reviewing the key observations relating to the switch-
ing current in device 1 we found that devices 2 and 3
reproduced the following behavior:
(i) In the zeroth lobe, a pi phase shift between the
e-state and the o-state was observed; for device
2 compare Figs. S4(a,b), for device 3 compare
Figs. S5(b,c).
(ii) In the first lobe, no phase shift between the e-state
and the o-state was observed; for device 2 compare
9Figs. S4(c,d), for device 3 compare Figs. S5(d,e).
(iii) The absolute phases of critical current oscillations
are aligned for both lobes and parities, with a pi
phase shift for the o-state in the zeroth lobe; for de-
vice 2 see Fig. S5(b), and for device 3 see Fig. S4(b).
(iv) The amplitude of the oscillatory component of the
switching current is larger for the o-state than for
the e-state; for device 2 compare Figs. S4(b,d), for
device 3 compare Figs. S5(d,e).
ADDITIONAL DATA FOR DEVICE 1
(a) (b)
(c) (d)
FIG. S6. Device 1. Zero voltage bias cuts for even and odd
states. (a) Differential resistance, dV/dIb, as a function of
bias and axial magnetic field B‖ in the even state. (b) Zero
bias (Vb = 0 ) cut from (a) along the axial magnetic field B‖.
Same as (a) only in the odd state. (d) Same as (b) only in
the odd state. Note bright feature at 46 mT and arc-shaped
conductance in the first lobe, which roughly follows the size
of the first-lobe gap.
(a) (b) (c) (d)
(e) (f) (g) (h)
FIG. S7. Device 1. Switching currents (Is) across dot-
junction charge occupancies (even-odd-even) with Vdot at dif-
ferent axial magnetic fields B‖. Each curve offset by 0.4 nA.
(a) Switching currents at B‖ = 20 mT crossing even (red),
odd (blue) and back to even (red). A pi-shift is visible between
even and odd states. (b) Same as (a) only at B‖ = 30 mT. (c)
Same as (b) only at B‖ = 40 mT. (d) Switching currents at
B‖ = 45 mT where the bright conductance peak was observed
[see Fig. S6(d)], with no pi-shift between even and odd charge
occupancy. (e) Switching currents at B‖ = 50 mT with finite
current phase amplitude only in the odd state, with insets
showing B⊥ as a function of applied current bias. (f) Switch-
ing currents at B‖ = 60 mT with no B⊥ modulation of current
phase amplitude. (g) Switching currents at B‖ = 80 mT with
no pi shift between the even and odd states. (h) Same as (g)
only at B‖ = 120 mT with no pi shift between the even and
odd states. In addition, increase in current-phase amplitude
modulation in the odd state relative to even state is observed.
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FIG. S8. Device 1. Differential resistance, dV/dIb, as a function of current bias, Ib, and perpendicular field B⊥ at different
fixed axial fields, B‖. (a,d) Within the first lobe, B‖ = 40 mT, for even and odd dot-junction occupancies. Note pi phase shift
between odd (a) and even (d) states. (b,e) On the bright spot, B‖ = 45 mT, at the closing of the zeroth lobe [see Fig. S6(c-d)].
Note that even and odd states are in phase. (c, f) Entering the destructive regime, B‖ = 50 mT, with suppressed coherence
effect, even and odd occupancies are in phase.
